OBJECTIVE: To examine the validity of self-reported weight and height and the resulting body mass index (BMI), and to explore the associations between demographic, socioeconomic, and health-related factors on the one hand and bias in self-reported weight and height on the other, in order to determine the groups most likely to exhibit bias. DESIGN: Prospective cohort study. SUBJECTS: 7350 middle-aged subjects, 5445 men and 1905 women, from the GAZEL cohort, who have been followed up since 1989 and work at the French national company Electricite Â De France ± Gaz De France (EDF-GDF) in various occupations. MEASUREMENTS: Self-reported weight and height were based on information from yearly mailed questionnaires, and measured weight and height, used here as true values, were provided by occupational physicians from 1994 to 1997. Sex, age, marital status, education, occupation, history of ischemic heart disease, and treatment for cardiovascular risk factors were obtained from the mailed questionnaires or from data provided by the Company's personnel and medical departments. RESULTS: Strong correlations were found between measured and self-reported values, but self-reported weight and height displayed signi®cant systematic errors. Weight was signi®cantly underestimated for men (0.54 kg) and for women (0.85 kg), and height overestimated for men (0.38 cm) and women (0.40 cm). These biases led to signi®cant underestimations of BMI (0.29 and 0.44 kgam 2 for men and women respectively). Consequently, the prevalence of overweight, de®ned as BMI b 26.9 kgam 2 for women and BMI b 27.2 kgam 2 for men, was also underestimated, by 13% for men and 17% for women. The ®ve factors associated with bias in self-reported weight and height were: overweight status, end-digit preference, age, educational level and occupation. CONCLUSION: These ®ndings suggest that self-reported weight and height should be treated with caution, because of biases leading to misclassi®cation for overweight and obesity, especially in certain segments of the population.
Introduction
Obesity has been identi®ed as an important risk factor for many diseases, including cardiovascular disease, diabetes and some cancers 1, 2 and is associated with increased mortality. 3, 4 Anthropometric information on height and weight is therefore useful. In addition to their intrinsic value, these parameters may be combined to construct relative body weight indices 5 ± 7 such as body mass index (BMI, kgam 2 ) which has been shown to be an indicator of overweight and obesity. Self-reported height and weight based on personal or telephone interviews or on self-administered questionnaires are frequently used in epidemiological studies. However, the validity of such data gives cause for concern. Many studies have shown high correlations between self-reported and measured values for height and weight, but systematic errors in self-reported values may affect the distribution of BMI, and consequently the prevalence of obesity, especially in certain segments of the population. Many authors have found that weight is underestimated 8 ± 23 and height overestimated. 8 ± 12,14 ± 20,22 ± 24 In particular obese subjects were found to underestimate their weight, and underweight subjects to overestimate it. 8, 9, 13, 20 This underestimation of high values and overestimation of low ones has been called the`¯at slope syndrome'. This syndrome might be more pronounced in self-administered questionnaires than in face-to-face interviews. 16, 25 In addition, socioeconomic characteristics and health-related problems might affect the self-reporting of height and weight. 8, 11, 17, 19, 23, 24 Most of the studies published include assessments of the validity of self-reported data for height and weight. Some authors have examined the validity of the resulting BMI. 12,14 ± 17,19,22 ± 24,26,27 However, the factors associated with bias in the self-reporting of height and weight have only been explored in a few studies. 8, 10, 11, 13, 17, 20, 21, 23, 26 In the present study, the term`validity' refers to the capacity of a variable to measure what it is intended to measure, ie the accurracy of self-reported values as a measure of true values. 28 Consequently, our analysis is restricted to the study of bias or systematic error, expressed as the difference between measured and self-reported values. Our objectives were (i) to examine the validity of self-reported weight and height and the resulting BMI, and (ii) to explore the relationships between, on the one hand, demographic factors (sex, age and marital status), socioeconomic factors (education and occupation), health-related factors (history of ischemic heart diseases and treatment for cardiovascular risk factors) and on the other, bias in selfreported weight and height, in order to identify the groups most likely to exhibit such bias. This study was based on a large prospective survey of men and women employed by the French national company Electricite Â De France ± Gaz De France (EDF-GDF) in a wide variety of occupations.
Subjects and methods

Study population
The GAZEL cohort, which was established in January 1989, originally included 20,624 subjects working at EDF-GDF, comprising men aged 40 ± 50 y at baseline and women aged 35 ± 50 y. 29, 30 Since 1989, this cohort has been followed up by means of a yearly selfadministered questionnaire, and by the collection of data from the personnel and medical departments of EDF-GDF. Research on several aspects of health has been conducted in this cohort.
± 33
Height and weight variables
Since 1989, the subjects of the GAZEL cohort have been mailed an annual questionnaire, in which they were asked to give their weight in kilograms. In the questionnaires of the years 1990 and 1997, they were also asked to give their height in centimeters. In addition, all EDF-GDF workers undergo a yearly medical examination by an occupational physician. Since 1994, the occupational physicians in the company's medical departments have been asked to complete a brief annual questionnaire called Findex, including measurements of weight and height for each subject of the GAZEL cohort. Weight and height were measured unclothed and without shoes.
All the working subjects of the GAZEL cohort whose height and weight were measured by their occupational physicians from 1994 to 1997 were included in the present study. For each subject, Findex questionnaire data were matched with selfreported weight from the self-administered questionnaire nearest in time. If a subject was weighed by the occupational physician several times, the measured weight used in the analysis was the one nearest in time to the self-reported weight. If the interval between the measured and self-reported weights was longer than 6 months, the subject was excluded from the analysis. Data for self-reported height were based on the reporting of height in the 1990 questionnaire and, if the 1990 data were missing, on the values given in the 1997 questionnaire. Examination of the data revealed extreme values for the differences between measured and self-reported height and weight. As these values were judged to be outliers, possibly resulting from recording errors, differences between measured and self-reported data greater than four standard deviations from the mean were excluded from the analyses.
Measured BMI was de®ned as the BMI calculated from measured weight and height, and self-reported BMI, as the BMI calculated from self-reported weight and height. Biases were assessed by the differences between measured and self-reported height, weight and BMI. Binary variables measuring end-digit preference were also computed for self-reported weight and height, and self-reported values ending in zero or ®ve were compared to the other values ending in 1 ± 4 or 6 ± 9, as described by Stewart 11 and Rowland. 17 The proportions of self-reported height and weight ending in zero or ®ve were compared to the expected proportion of 20%. Several types of categorical variables were used for weight, height and BMI. The study population was divided into height and weight quartiles. On the basis of the recommendations by the National Institutes of Health Consensus Development Conference, 34 overweight was de®ned as BMI b 26.9 kgam 2 for women and b 27.2 kgam 2 for men. The sensitivity and speci®city of the overweight category based on self-reported BMI were calculated using measured BMI as the standard of comparison. BMI was also divided into four categories, according to the cut-off points de®ned by Bray, 1 ie underweight ( 20 kgam 2 ), acceptable weight (21 ± 25 kgam 2 ), overweight (26 ± 30 kgam 2 ) and obesity (more than 30 kgam 2 ).
Demographic, socioeconomic and health-related characteristics
The factors considered were: sex, age, marital status, history of ischemic heart disease and medication for cardiovascular risk factors. Sex, age and marital status were extracted from the same self-administered questionnaire, which supplied the data for self-reported weight. Subjects who reported a history of myocardial infarction or angina pectoris, or that they had taken medication for these diseases in at least one selfadministered questionnaire (before or at the time of the questionnaire from which we extracted the selfreported weight) were considered to have a history of ischemic heart disease. Those who reported that they were taking medication for high blood pressure, high cholesterol or high blood sugar in the questionnaire from which we extracted the self-reported weight were considered to be taking medication for cardiovascular risk factors. Information concerning socioeconomic factors, ie educational level and occupation, Validity of self-reported weight and height I Niedhammer et al was supplied by the personnel department of EDF-GDF.
Statistical methods
As the validity of self-reported height and weight may differ among men and women, separate analyses were made for each sex. Statistical analyses were performed using SAS software. 35 Statistical methods included the use of descriptive parameters (mean, standard deviation, etc), Pearson's correlation coef®-cient, Pearson's w 2 test, paired t-test and analysis of variance. Con®dence intervals were calculated using the normal approximation for standard errors of proportions.
Demographic, socioeconomic and health-related factors were examined as potential explanatory variables of bias in self-reported weight and height. These factors included age, marital status, education, occupation, history of ischemic heart disease, medication for cardiovascular risk factors, measured BMI with Bray classi®cation and end-digit preference. The dependent variables were the differences between measured and self-reported weight and height. We began by examining all the relationships between each of the potential explanatory variables and the dependent variable, by one-way analysis of variance. Multivariate variance analyses were then performed, including all the explanatory variables signi®cant at 15% at the ®rst step.
Results
Study population
From 1994 to 1997, 9563 subjects in the initial cohort were measured by their occupational physicians. Of these, 2213 subjects (23.1%) were excluded from the analysis because (i) the intervals between measured and self-reported weights exceeded 6 months (1701 subjects), and (ii) values were either missing (423 subjects) or (iii) outliers (89 subjects). The present study was therefore restricted to 7350 subjects, 5445 men and 1905 women. Table 1 gives the characteristics of the study population for the variables considered.
Measured and self-reported height, weight and BMI As shown in Table 2 , which gives the mean values and standard deviations for measured and self-reported weight, height and BMI, strong correlations were observed between measured and self-reported data. Table 2 also shows signi®cant differences between measured and self-reported weight and height for both men and women. In both sexes, this led to the underestimation of weight and overestimation of height, and consequently to the underestimation of BMI. In addition, the mean difference between measured and selfreported weight was signi®cantly greater for women than men (0.85 vs 0.54 kg), leading to a signi®cantly greater mean difference between measured and selfreported BMI for women than men (0.44 vs 0.29 kgam 2 ). There was also a signi®cant tendency for self-reported height and weigh to be rounded off ( Table 1) . The percentages of self-reported weights and heights ending in zero or ®ve were signi®cantly higher than the expected 20% (P`0.001).
Prevalence of overweight, and sensitivity and speci®city of self-reported values
As indicated in Table 3 , the prevalences of overweight based on measured data for men and women were, respectively, 1.15 and 1.20 times as great as the prevalences based on self-reported values. Taking the measured values as reference, the test values for the classi®cation of overweight based on the selfreported data shown in Table 3 exhibited very high speci®city for both men and women, but lower sensitivity. When Bray's classi®cation of obesity was used ( b 30 kgam 2 ), the speci®city did not change Validity of self-reported weight and height I Niedhammer et al (0.99 for men and women) but the sensitivity diminished to 0.72 for men and 0.77 for women (Table 4) .
Factors associated with bias in self-reported weight and height
One-way analyses of variance were performed to study the crude relations between potential explanatory factors and bias in self-reported weight and height. The results showed that older men tended to underestimate their weight more than younger men. Educational level was associated with bias in selfreported height for men and women: thus, the higher the educational level, the smaller the overestimation of height. Occupation displayed the same trend, with higher grades associated with smaller overestimation of height. Women in lower occupational grades were also more likely to under-report their weight. Medication for cardiovascular disease showed signi®cant crude associations with bias in self-reported weight for men, and with bias in self-reported height for women, in an unexpected direction: men taking such medication were more likely to underestimate their weight, and women more likely to overstate their height. Measured weight, height and BMI displayed the strongest crude associations with errors in reported weight and height for men and women. The greater the measured weight, the greater the underestimation of weight. Note that thin men were more likely to overestimate their weight, contrarily to women, who underestimated their weight in all four quartiles of measured weight. The greater the measured weight, the greater was the overestimation of height. Tall women were more likely to underestimate their weight, but this was not observed for men. Overreporting of height decreased strongly as measured height increased for men and women. Bias in selfreported weight differed signi®cantly in the BMI categories de®ned by Bray. Thus, men with measured BMI below 25 kga m 2 over-reported their weight, whereas overweight and obese men were more likely to underestimate it. For women, underestimation of weight increased as measured BMI rose above 20 kga m 2 . The higher the measured BMI, the greater the overestimation of height by both men and women. Subjects of both sexes who reported values ending in Values are expressed as n (col %).
Validity of self-reported weight and height I Niedhammer et al zero or ®ve for height tended to overestimate it, and women who rounded off their weight were more likely to underestimate it. Marital status and history of ischemic heart disease were not associated with bias in self-reported weight and height, and were not included in the multivariate variance analyses. As weight, height and BMI were strongly correlated, we only included the measured BMI according to Bray's classi®cation in the ®nal models and not measured weight and height quartiles. The results of the multivariate variance analyses (Table 5) show that the association between age and bias in self-reported weight differed for men and women: older men were more likely to underestimate their weight, whereas for women, underestimation of weight tended to diminish with increasing age. Higher educational levels tended to reduce overestimation of height for men, but high occupational levels were associated with increasing overestimation of height for women. In the multivariate models, medication for cardiovascular risk factors was no longer associated with bias in self-reported weight and height. Measured BMI still produced the strongest associations with errors. The higher the measured BMI, the greater the underestimation of weight and overestimation of height for men and women. Men and women who rounded off their height tended to overestimate it, and women who rounded off their weight were more likely to underestimate it.
Discussion
Summary of the results
Although self-reported and measured values were strongly correlated, signi®cant underestimation of weight and signi®cant overestimation of height were observed in our study population for men and women. These biases led to the underestimation of BMI and of overweight prevalence. The main explanatory factor {P`0.15; *P`0.05; **P`0.01; ***P`0.001.
Validity of self-reported weight and height I Niedhammer et al was measured BMI: thus, the higher the measured BMI, the greater the underestimation of weight and overestimation of height for men and women. Furthermore, lower values for measured BMI were associated with overestimation of weight for men. End-digit preference in self-reported weight and height was associated with errors. Age was associated with bias in self-reported weight for men and women, but in opposite directions. Socioeconomic indicators such as education and occupation were also related to systematic errors in reporting.
Limitations
Some limitations of this study are worth noting. The study was carried out in an occupational cohort and was therefore restricted to working subjects, who were measured for weight and height by occupational physicians. There was a good response rate to the yearly self-administered questionnaires, as roughly 75 ± 80% of the initial cohort responded to them each year. About half the working subjects in the GAZEL cohort were measured by their occupational physicians. These subjects did not constitute a speci®c sub-group, as medical surveillance is mandatory, and the sub-group of subjects studied here were those followed by physicians who volunteered to participate in the survey. Note that it seems unlikely that subjects followed by those volunteer physicians differed from the others followed by non-volunteers. Thus, the selection bias seems negligible, and the sample on which the study was based can be considered as representative of the whole cohort. However, the possibility of extrapolating the results of this study to the general population is limited by the fact that it only included working people.
The data were only available for the respondents who both completed the self-administered questionnaires and reported their weight and height. Working subjects who were measured by their occupational physician but did not respond to the questionnaire or to the question concerning weight were excluded from the analyses. It is possible that respondents may be more willing, or more able, than non-respondents to provide accurate assessments of their height and weight. The errors between self-reported and measured height and weight in this sample may therefore be an underestimation of the true errors. However, as missing values only concerned less than 5% of the population studied, and as the subjects were not aware of the future comparison between self-reported and measured values, it may be assumed that this potential underestimation was probably small.
In this study, the examination by occupational physicians during which weight and height were measured was performed during the 6 months before or after completion of the questionnaire. Note that all EDF-GDF workers are given an annual check-up by occupational physicians. Our goal was to match the values for measured weight to those nearest in time for selfreported weight. As there may be up to 6 months between the two, the true weight might change during this period. However, large changes are unlikely to have occurred during that time, which may explain the present results. It also seems unlikely that any changes were associated with the variables studied here, which included demographic, socioeconomic, or healthrelated factors. Consequently, these potential changes are not likely to have greatly altered the results.
Finally, this study gave us a chance to explore the bias in self-reported weight and height in an occupational population followed up by occupational physicians, since, as stated above, EDF-GDF workers undergo a yearly medical examination with an occupational physician. This examination at least includes physical examination, a urine test, and measurement of height, weight, pulse, and blood pressure. It may therefore be justi®ably assumed that the bias in selfreported weight and height observed in this cohort results more from inexact reporting of weight and height that are accurately known than from lack of knowledge, contrarily to other authors who did not distinguish between these factors. 26 Comparison with previous studies
The strong correlations observed in our study between self-reported and measured values for weight and height con®rm the high correlations reported between the two by others, 9,11,14 ± 16,19,21,24 ± 26,36 ± 38 as well as between self-reported and measured BMI, although in this case the correlations observed were mostly lower. 14 ± 16,19,24 ± 26,38 Despite the present strong correlations between self-reported and measured values, self-reported weight was signi®cantly lower than measured weight for both men and women, and self-reported height signi®cantly greater than measured height. These results are in agreement with those of previous studies, which showed an underestimation of weight 8,9,12,13,17,19 ± 23,27,38 andaor an overestimation of height. 8,9,12,17,19,20,22 ± 24,27 Here, we observed a difference between men and women regarding the bias in self-reported weight, as women were more likely to underestimate their weight to a greater extent than men. Such a trend has already been shown by others. 10,11,13,16,17,19 ± 21,23,24,26 Overestimation of height was of the same magnitude here for men and women, although some previous authors noted that men over-reported their height more than women. 10,11,14,17 ± 20,26 Certain authors explored the effects of errors in self-reported weight and height on BMI and on the prevalence of overweight. Our ®ndings suggest that the consequences of these errors lead to the underestimation of BMI, especially by women, and to underestimation of the prevalence of overweight or obesity, and consequently to misclassi®cation due to a low true positive rate. Other authors noticed similar effects on BMI, 12,14 ± 16,19,20,23 ± 27,38 on the prevalence Validity of self-reported weight and height I Niedhammer et al of overweight andaor obesity, 12, 19, 20, 24 and on the sensitivity of self-reported values for overweight. 14,16,19,23 ± 26 For example, Nieto-Garcia et al 26 observed a sensitivity of 0.74 and a speci®city of 0.99 for the obese category (30 kgam 2 or more), which fully agrees with our own ®ndings.
When analyzing the factors associated with errors in reported weight and height, we explored the in¯u-ence of certain demographic, socioeconomic and health-related factors and observed that the reporting of weight and height may be especially inaccurate in certain groups including women, older men, younger women, women belonging to higher occupational groups and overweight subjects. In this analysis, other factors may have been disregarded, such as those relating to attempts at weight reduction 13, 21 or to anxiety about weight. 11 We found that the main factors associated with errors in reporting of weight and height were measured weight, height and BMI. These ®ndings are in agreement with previous results showing that measured weight and height affect the self-reporting of weight 8 ± 11,13,14,16,21,23 and height 8 ± 11,18,23 and that overweight status (based on measured BMl) affects the self-reporting of both values. 17, 18, 20, 22, 26 Another factor associated with bias in the reporting of weight and height was end-digit preference, ie the fact that the self-reported values for weight and height were rounded off. Women who reported weight in digits ending in zero or ®ve were more likely to underreport their weight. Men and women who rounded off their height also tended to overestimate it. This tendency in the reporting of weight has already been shown by other authors. 11, 17 Bias in the reporting of weight was related to age for men and women, but in opposite directions, as the underestimation of weight increased with age for men, but tended to decrease with age for women. Other authors noted that the underestimation of weight decreased with age for either men 8 or women 8, 10, 16 or both. 23, 26 Our results for women indicate that social pressure may be less important for older women. If true, this would explain the smaller bias in selfreported weight with increasing age. Among men, the bias in the reporting of weight increased at older ages. This result cannot be explained by the fact than older men report their weight at a younger age, ®rstly because the age range was rather small in the GAZEL cohort, and secondly because all the subjects studied are examined annually by the occupational physician. It can therefore be assumed that they are fully aware of their actual weight and height. Moreover, no association was found between age and errors in the reporting of height, contrarily to other studies, which showed a bias that increased with age. 10, 11, 14, 17, 18, 20, 23, 24 Our study showed that socioeconomic factors such as education and occupation may be associated with bias in the reporting of weight and height. Thus, an association was observed between occupation and errors in the reporting of height for women: the higher the occupational group, the greater the difference between measured and self-reported height. The explanation for this association might lie in the fact that, in industrialized countries like France, the desirable body image is determined culturally, ie the higher the socioeconomic level, the greater the social pressure and social desirability, especially among women. Relatively few studies have dealt with the effects of socioeconomic factors on reporting of weight and height. Their results are discordant, perhaps because of the heterogeneity of the factors studied (education, occupation, income, etc) or of cultural differences between countries. Some authors found a bias that increased with higher education for weight 8, 10, 11, 13, 21, 26 or height. 26 Inverse associations were also observed: thus, a higher educational level reduced the difference between measured and selfreported values for height 10, 11 and weight. 11 Jalkanen et al 13 also showed that, the lower the annual family income the more likely men and women were to report their weight incorrectly.
Lastly, we did not ®nd any association between weight-related diseases (ie a history of ischemic heart disease and treatment for cardiovascular risk factors) and bias in the reporting of weight and height, contrarily to other authors, who showed that a history of weight-related diseases such as high blood pressure, diabetes or heart disease predicted less under-reporting of weight for men. 21 
Conclusion
In conclusion, the validity of self-reported values for weight and height must always be questioned and collection of these self-reported data should be avoided as far as possible. However, as measurement of weight and height is costly and time consuming, surveys of large populations will continue to use selfreported values. Consequently, authors must be aware of the potential bias of these data and should always try to evaluate this bias, at least on a small sample of their population. The use of BMI based on selfreported data as a continuous variable probably has little in¯uence on analyses, but the use of self-reported values as categorical variables to evaluate the prevalence of overweight leads to misclassi®cation and underestimation of the true prevalence, especially in certain segments of the population. Furthermore, such misclassi®cation of an exposure variable tends to distort the measure of association between exposure and disease under consideration. 28, 29 made this study possible. Our thanks also go to Marie France Landre and Miche Ále Piciotti for their help in verifying the outlier data, and to Mathilde Dreyfus for revising the English manuscript. This study was supported by a grant from the French National Institute for Health and Medical Research (INSERM), contract 4M606E.
